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I. OVERVIEW OF MODEL 

A, Purp ose and Scope 

The Training Line Slmulafor (TLS model) Is on onolyHcal tool designed to help manactc 
the entry-level training line, its prtma^ use (s that of gaming an anafyfical procedure 
used here to assess the relative impacts of parameter changes under various ossumpHons 
regording the quonttty and qualfty cf recruits. The model sirriulates the flow of airmen from 
entry info the Air Force into basic trolning through graduation from entry-level technical 
training. The accession flow is totally controlled by the model user: TLS cccepts recruit data 
records generated externally to the model — records which describe each trainee via a 
host of individual, simulation-relevant charocteristics. 

Training porometers considered by the model include class schedules, quotas, priorities 
and class sizes for each course, mandatory course entrance prerequisites, and attrition and 
setback rates in basic training and technical training. The model evaluates the impacts of 
changes in these framing parameters for a given airman accession flow by projecting the 
maximum possible fills oF training quotas, the number of basic training graduates 
awaiting technical training, class sizes and student-instructor ratios, the number of 
technical training graduates, the numbers of setbacks or attritions in basic and technical 
training, and the numbers of unasstgned basic training graduates* These simulation 
results ore reported by course at user specified intervals within the maximum simulation 
period of five years, whereas summary reports are provided for each week of the simulation* 

Like many simulation models, TLS may be used for other purposes than gaming. 
For example, the projected sizes of the waiting lines may provide an indication of the 
adequacy or inadequacy of a tentative set of class schedules and course quotas. Thus, 
if the various training parameters could be reliably estimated, TLS would be most useful 
for training capacity planning and evaluation. Similarly, the projected outflow of 
technically trained airmen may help personnel managers in programming the initial 
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duty assjytwonis of t)raducito$ from fcchnlcal draining courses, Exhibif 1 summarizes 
ihcso potcntiol applications of TLS. 

B. Simulgfion Eve nts and Paromoters 

A general outline of a simulation model Is best presented in 'crms of Its concep^uof 
framework: the entities considered by the model, the attributes associated - ith eccn type 
of entity^ the events $!mu!oted by the model and the timing routine employed* 
The Troining Line Simulotor processes the following types of entitles: 

• airmen 

• technical troining courses 

• mandatory prercquisftos sets 

Entities are defined by their numerlco! attributes. The foHovi^ina permanent ot^ribu^es 
are associated with each entity type: 
Airmen: 

• accession week 

o attrition/setback control score (affecting the individual's probability of 
attrition or setback in technical training os explained in Section I!l D) 

• one or more continuous voriabfes 

• one or more categorical voriables 
o one or more binary variables 

These variables represent the individual's test scores and properties v/h!ch will determine 
course entrance qualifications. 
Courses: 

• prerequisite set identifier (sec below) 

0 class sizes (moximum, minimum end optimum) 
o number of instructors available 

• schedule of class starting dotes in terms of simulation weeks 



• course length 

• otfrition and setback rates by week of training 
o allocation fid priority 

o schoduie of a$$5gnn^ent quotas by stmufation week 

Prerequisite Sets: 

o logical operators (AND, OR) 

o cuts on continuous variables 

♦ 

o comparison tests on categorical variables 
o binary variables 

Courses and Prerequisite Sets are permanent entities while airmen are temporary entities. 
Airmen ore input ot the oppropriote time, their temporary attribute (status within the 
system) is subjected to changes according to some poHern In time/ and after a series of 
changes oirmen are discorded. These changes ore termed events. TLS accommodates 
one exogeneous event (a status change directly controlled by the user), and a large 
number of endogoneous events (changes triggered by the Internal operations of the model). 
Exoge neous Event: 

e enfry Into basic fraimng (= accession week) 
Endogene ous Events: 

• attrition or setback in basic training 

• graduation from basic training 

o clossificatlon (assignment to a specific iroining course) 

0 posting to a class or waiting line 

o attrition or setback in technical training 

o graduation from technical training 

The timing routine In TLS, governing the sequence of events, if ony, hos been 
designed especially for the purpose of obtaining a high degree of efficiency. I.e., 



minimum model execution costs. Even though the model utiltzos fixed time Increments 
of one week, ihe model Is not incrcmentoh each indlvlduol U simuloted over o mox'mum 
number of time increments until he is subject to on event v/hich requires delaying further 
simulation until a future time increment. This concept is exploincd in Section !)l B. 
As a result, at any particular point in time, airmen with the same accession week wMi 
be o\ different points in simulation time, Accordingly, TLS Is a fixed time increment, 
asynchronous, entity simulation modeL 
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II. MODEL DESCRIPTION 

Model Structure 

The major modules of TLS are concerned with the following processes: 

• basic training maturation 

0 determination of course entrance qualifications of all basic 
t^raintng graduates 

' • opfimal assignment of basic training groduates in light of their 

eligibilities and fhe given quotas and fllf priorities for each course 

# technical training maturation, 

Addllional functions which must be performed include the processing of input data, 
, the maintenance of various internal data fifes, and the generation of reports* 
Exhibit 2 provides an overview of TLS whereas Exhibit 3 reviews the internal data 
communication needs. The basic simulation (ogle with respect to the four major 
functions mentioned above may be best explained by following o recruit data 
record through the model. 
1 . Basic Training Processor 

The simulation begins by reading a recruit date record from the recruit 
data tape* Recruit data records ore defined at rr^odel execution time and 
contain all assignment-relevant characteristics In addition to date of enfry 
and an attrition control score* Each recruit record is processed, individually, 
through the Basic Training Processor, which applies specified attrition and 
setback rates to determine whether or not the recruit will be attrlted or 
set back in bosic training and, if so, in what week of training. Attrition and 
setback actions occur rondomly at a rate specified by week of basic 
training* There are three possible exit modes from the Basic Training Processor: 
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o.' A recruit may be ottrltod from basic frolntng In a partlculor week. When 
Ih's occurs, the Report Geneiotor Is noMfied, training line counters 
through the last week of training are updated, and the recruit record Is 
dropped from further model consideration. 

b, A recruU may be set back in training in a particular week. Ho is sent to a 
holding line to await the next basic training cfoss, The Report Generator 
Is notified of the setback action and again the appropriate training line 
counters are updated • A recruit set back from one basic class is picked up 
in the nextwKere he repeats the week of training from which he was dropped • 
Once picked up in the new basic training class, the recruit wilt graduate 
with that class. 

c; A recruit may be graduated from basic training (this is the nonnal exit mode). 
He IS then passed on to the Matrix Generator for assignment evaluation. / 

Matrix Generator 

A basic training graduate enters the Matrix Generator, tt determines his ^ 
assignment qualifications. Each graduate is tested against the mandatory 
prerequisites cf each Groining course for which a quota is specified during the 
week of graduation • A bit matrix of assignment eligibilities Is constructed from 
the quallficoHon test results. Each row of the matrix represents an eligible 
graduate, ond each column o training course and its associated quota. The 
eligibility matrix is saved for use by the allocator t The pre-assignment 
maturation process terminates when the recruit data record is output to mass 
storage to await ossignment by the optimal allocation module. Each recruit 
data record !s processed through the Basic Training Processor and the Matrix 
Generator until all data records for the current date of entry have been processed. 



3» Allocator » 

After pro-o'vslgi^mcaf maturoHon processing^ Jhe optimal allocation module 
r<*u'K In \U<\ o'itiKjnmunt cllcjn)ltlty motrix oncJ the opproprioto course quota and 
policy spocifications for the bosic training groduotlon woekt All basic troining 
groduotos available during the given week ore assigned at the same time in a 
single allocation. Efficiency requires thot the assignment problem bo solved wtthln 
main storage without access to peripheral storage. The Allocator can assign up 
to 4000 graduates to up to J 25 quotas in a single week* To control the distribution 
of graduates, fill priority groups may be established In the set of the week's quotes. 
Eligible graduates are olvvoys assigned to high priority quotas in preference to 
lower priority quotas. If shortoges occur among quotas of equal priority, eligible 
graduates are proportionally shared to the maximum extent possible among the 
equal priority quotas. It Is important to note that the A llocator will a lways achieve 
the maximum number of assignments possible regardles s of quota priority relationshi ps > 
Quota priorities affect only the relative dis tribution of assignments. They never 
affect the total number of assignments , (For a description of the assignment 
solution approach, the* reader should see Section III C) 

FolJowinr^ each week's assignment, a report is made of the quota fills and 
the assigned graduates are placed in watting lines to await a class vacancy in 
the course to which they were assigned. Graduates who cannot be assigned 
because they are unqualified or in excess of quotas are reported and dropped 
from further model consideration. 

Training Line Proc essor 

Each recruit Is placed in a course waiting line (PAT) following the assignment 
solution. As class vacancies open up recruits are removed from the PAT lines In 
a first-in, first-out (FIFO) order, i.e., by the week in which they entered the 
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PAT lino (baiic yraduaHon v/eok). WIthm a grac/uatlon week, graduates aro 
removed randomly from the PAT line. The period of time an assignee watts In 
the PAT I mo JS do fcrrni !)od by fiio frequency ond size of course quotas und C'C^ssos, 
buf ds long as new clos^.es confinuo fo bo opened, no Indfvfoua! con romo'n ;n a 
PAT lino indeftnlfely. Assignees arc removed from tfie PAT line wnei^ o c!a$s 
Is scheduled fo sfarf and tlioro ore enough assignees In the line to moot 
the class minimum size. If the minimum condition Is met, the doss is filled to 
copaclty, or the PAT line for the course is exhausted. However, If the minimum 
closs size cannot be met, no doss is started and no men are removed from Mie 
PAT line for thaf course. 

When on assignee ts removed from the PAT line, ho 3s sent to the Entry Level 
Training Processor. The operation of this processor Is analogous to the Bcs'c 
Training Processor. Trainees are atfrlted, set back or groduated from training. 
Attrition and setback actions occur randomly according to probabilities computed 
for each trainee. Computation of attrition and setback probobilitles involves 
the trainee's attrition control score, the attrition control weig!it, and the 
weekly rates of attrition for the course to which he is ossigned. See Section 
lit 0 for computation details. Training woshouts and graduates are reported end 
thc^' dropped from further model consideration. Training line counters are 
updated through the last week of training, and individual data records may be 
selected for output. 

Personnel set back In entry level technlcol training re-enter trc-.lnlng in ihe 
next class of their assigned course. The number of weeks a trainee Is set bock 
depends on the Interval between his origlncji cla:s and the next class oncrcd. 
If no following class has been started at the time a trainee is set bock^ !v.^ Is 
placed In the PAT line for his assigned course to await the stort of the next- closs. 



Once joined to o now closs, trolnccs sot bock gracfuoto witlvfhoir now class one) 
arc not eubjcct to further setback or otfritton, 

B. Model Input 

TIS requires five typos of Inj^ut dota: 

o Recruit doto, !nc(ud!ng alt ossignmont-refcvant characteristics for 

each individual • 
o Basic training data, including setback and oltrition rotes, 
■ o Training course data, including mandator/ pierequtsifos for each 
course end course choracterlsf Jc$ such os course lenglh, convening 
dates, setbock and attrition rates. 
0 Allocotion policy specifications, including troining quotas and 
assignment priorities associated with each class for each course, 
o System output coiitrol dota, specifying the reports and data files 
to be generated, 

Recruit data ore input via magnetic tope, via the Recruit Doto Record File. All 
other data are Input via standard keypuncl> cards, organized inio four control cord 
decks: . 

o a run parameters deck 
o o basic training deck 
0 a training course prerequisites deck 
0 Q training course deck. 
Each deck contains logicolly related parameters pertoining to specific functions 
of the simufafion model. 

The data specified on ihe trolnif^g course prerequlslles deck Is automatically 
transferred to a Prerequisite Dictionory File, a file generated and maintained 
^ by the system and stored on magnetic tope. Consequently, If no clianges in the 
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course prt^K-qiu'jif'^ scl:; ciro noccS'xfry, \Uo TLS user con dfspcnro v/ilN \U\'* cxud 
dock and uso in$locJ<} Piciciquisllo Dlctioiuuy rile cjoncToiocf fn o previour. a-n. 
If c!vof-c]0^ ci(vv fvjcos<.(i! onfy iUo )>rou:qui^no ?;ets to bo niodif?ec?, ac'dcd or 
dolcfcJ must be specified l;y confrot cchc!^^, wl^creupoii TLS vvlf! outornetlccdly 
updaio the cunerU Pioi equlsi to f-ilo* Tl^is feofuro Is piovk?od for user convci^'c rux'.c 
vvoti as syslen efflciofKy, It niu^imizes input date volume end key puncS erio:^> end 
increases syslern execution speed, 

A brief outfltie of 'Ami input dole and ihcir use Is given be'ov/. Pxh'b't 
illustrates tlie relotionsbips boKveen input data arid simulation results * 
!• Rocruii Doto Records 

Because a primary use of tbc Airman Trairlng Line Sim.ulolor is gaming 
v/ith the trolnlny lif^e uiulcr variations in recruit quality, on Important 
model consideration is the specification of reciuit data. A general, rattier 
than fixed, specification Is doshable in order io provide ibe v/idcsl possible 
range of gaming appliccjtions . Recruit Data Records arc stored on a BCD tope 
or on disk in a formes t analogous to BCD, The Recruit Data Record forma! oik! 
contcn! ore defined at mode! execution time by means of the Rccre't Dokj Recov 
Definition Card (see Run Parameter Deck and Exhibit 7) wilhjn the lim'ialions 
Indicated below. 

Each Recruit Data Record conslsls of five data items: (1) an alphanumeric 
identifier; (2) an Integer, 3-digit, entry dale; (3) a set of inlcger continuous 
variables; (^1) a set of alphanumeric categorical varici'iles; and (5) a set of 
binary variables, Tlic data items In each record must occur in the order 
specified above. The spacing boKveen items and the exact t^umbcr of vor'ab^' s 
are defined at cxecu^lon time by the Recruit Data Record Definition Ccd. 
Altliougli tlie sets of continuous, categorical, and binary variables may each 
O contain up to 99 var!a!:>!es, Ihe tola! record lenqth is limited to 300 chorccfc^s. 
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Scaling for ihe continuous voriciblcs stiould bo such that the lowest vafuo 
corresponds to fhe minimum quontify of the oltribule in question, A ^cro vohio 
in a conlShuous variable indicalos thut the value Is missing. The first continuous 
vorlciblo In the doto record is used os the attrition ond setback control score, 
a non-nogatlve factor which is designed to transform course attrition and 
sotboc!; rates into Individual ottrltlon and setback probabilities, ^ 

Binory varlobics in ihe Recruit Doto Record are represented by a single 
one (1) or zero (0) digll, wilh the value one (1) alv/ays representing the true 
or desirable volue of the variable, 
2. Run Paran^oters Deck 

The Run Parameters (RP) Deck consists of five card types v/hich specify basic 
parameters applicable to the simulation run* 



DECK 1: RUN PARAMETERS DECK 


Card type 


Nome 


Description of parometcrs 


10 


Run Parameter Deck Card 


Length of simulation run 


n 


Run Identification Card 


Run identification for report heodings 


12 


Recruit Data Record 
Definition Card 


Recruit Data Record definition 


13 


Report Selection Control Card 


Output selection and scheduling 


14 


Attrition Control Score 
Weight Card 


Attrition/setback score weight 



The length of the simufation run is defined by the fast simulation week tn 
which technical training courses v/ill be started and must bo less than 255 weeks. 
The recruit data record definition card defines the length, format and content of 
fhe recruit data records \n stondard FORTRAN convention, For an example, 
see Exhibit ?• 
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The.oufpuf selcctioi'i conliol card indicates for vvdlch siniufctlon tnlciva^ 
the optional, diMciilcd reports must be produced. In odditio.^^^ if con!ro!s \hc 
output of oirmon records onto fhc Extract File, 

Tl\(j purpose of {fio otft ]f lon/s^'^bcic!; conho' score v/eK;!)f- is exp^onvjc! 
in Section 111, D, 
3» Bcjsic Trolnincj Parcinietcrs Deck 

The nosic Training Puramoteis (BTP) Deck includes three (Jiffororit can) f)^•^: 
specifying the fcllov/ing parameters: (1) the (onglh of basic tralninrj, (9.) iho 
scl>edufe of attrition rates, and (3) the schedule of scfbock rates to be uf:c'd 
during the simulation run* 



DtCK 2: BASIC TRAINING PARAMETERS DECK 

Card lypp Nome I^Descrlpt ion of parameter?; 

20 Basic Training Deck Cord Length of basic training 

21 Basic Training Attrition Rate Basic training aitrition rates 
Schedule Card 

22 Basic Training Setback Roto 

Schedule Cord Basic training setback rates 



Basic training otirition and setback rotes are necessary fo simulate in o 
Monte Carlo fashion attritions from and setbacks in basic training. Dirfcvcni' 
rates moy be specified for each week of basic training if so desired. Different 
sots of rates may be specified for different periods of the simufation, The given 
rates determine the average number of attritions and setbacks* Recruit.'; con bo 
set back only once, and, IF set back, will graduate wi'h tlio next closn. Roc nj 
wluch arc sof back cannot subsequently be otfrited* 
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4. Fnir/ l.ovol Troininc) Picrcqulsitcs Dock 

The L'iitiy Lovol Trciining rrercquisltcs (GTP) Dock specifies \ho paromcicis 
one! Icglc u^icc! 1o c'eloimino tlic citglblfify of basic Ijalniny cjrcKfuofes for onfry 
level loclvruccil training courses. 



D[iCi( 3: ENTRY LEVEL TRAINING PRCRnQUlSiTCS DFXK 


Cord type 


Nome 


Description ofjpaioinolers 


30 


Enfry Level Trolning Deck Cord 


Declc idenllflcailon 


31 


Prerequisite Set IdGritificr/ 
Conlinuous Varioble Cut Card 


Prerequisite set idc^ntifier and 
continuous variabfo cuts 


32 


Cotcgorlcol Vcjviubfo 
Prerequisite Card 


Categorical vorioble tests 


33 


Binory Variable Prerequisite Card 


Binory variable tosis 


34 


Cotegorical OR Test Card 


Multiple categorical variables 
tests* 



Mandatory entrance prerequisites' for entry level technical training courses 
are specified us prerequisite sets — loglcol strings of tests on tl^ie continuous, 
cotegoricol and/or binory variables in the Recruit Data Record, The 
specification of prerequisite sets involves ihe definition of tests to be performed 
on the variables contolnod on the Recruit Dota Record, and the definition of t!ie 
ways in v/h!ch the results of such tests arc to be combined to determine assignment 
eligibility. In accordance With the three different types of variables, the coi^trol 
cards allow three different types of tests to be applied to the recruit characteristics* 
The results of the tests for variables of the some type may be ''ANDod*' or "ORcd" 
together, Wiihin a prerequisite set the component continuous, carcgoricol and 
binary tests cue ANDed for; oi-hor to dGhoimine final olicjibi li>y . Up to 512 
different prerequisite sets may be independently defined and Identified for 
subsequent use. Any prerequisite sot moy bo referenced by any course during 
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ony wcok of )ho simulotion run. 

Each ]ypo of coniro! cord refers itnpllcifly \o one of I, he Ihrce typos of 
voriobfos (conMnuous, cofegorJco), oikJ binary) contained In the RociuH DvUi 
Record. Eacli of the variables of the sa/rio lypo is numl^ercd ciccordtnc) to its 
rolaflvo postllon on \Uo Recruit Dota Record, !,e., the continuous voiloblos ore 
numbered from 1 to I, the categorical variables froni 1 to J, ond the binary 
variables from 1 to In the order of their occurrence, When spcci^ylnci 
tesls lo be mode on the doto varioblcs, o specific vorlabje Is Identified by its 
relotlvo position number^ while the type of varioblo involved is determined 
implicitly by Ihc prerequisite cord type identifier, . ' 

Once fhe ETP Deck has been specified, troining prerequisite logic moy 
be perivianently stored on tope and used on subsequent model runs. The \ope 
file is referred to os the Prerequisite Dictionary. 

If no ETP Deck is input to the mode!/ an old prerequisite dictionary must ^ 
be available. If no prcrequisUe dtctionory is Input to the model, o prevocjuisilc 
dictionary is created from the ETP Deck. If both an ETP Deck and prorequ'r>*ic 
dictionary arc input to the model, an update operation is performed prior to mode! 
oxeculion and a new prerequisite dictionary will be generated, If only tfie 
Entry Level Troining Deck Card (cord type 30) appears (witl^ no type 31 ihrougli 
34 cards), the current prerequisite dictionary is listed. 

Training Course Input Deck 

Eoch cnfry level technical training course to be simulated In the model 
requires user specification oF course characteristics, training stofislics ond 
allocotlon policy. These data arc specified for all entry level technical Iralnlng 
courses by means of the Troining Course Input (TCI) Deck* Course character! sMcs 
data Include course Idenfificotioi^, mandofory prerequisite Identifier, class 



convcnuirj dales, course length, efc, Allocofion polic/ i$ spcCffiod 3n terms of 
a schedule of course quotas and priorities. Training statistics are specified in 
terms of attrition and setback iotcs by v/cck of training, 



DECK 4: TRAINING COURSE INPUT D[iCK 


Card type ' 


Naiiie 


Description of Poronetors 


40 


Course Characteristics Deck Cord 


Deck identificotion 


41 


General Characteristics Card 


Course identifier and cl^aroctcrisilcs 


42 


Allocation Policy Coi-^trol Cord 


"lurse quolos and prlorilies 


43 


Course Attrition Roto Schedule 
Card 


Attrition rotes by week of 
training 


44 


Course Setback Rate Schedule 
Card 


Setback rates by week of traming 



The purpose of the General Characteristics Card is to specify for each 
course all relevant course characteristics except attrition and setback rotes. 
In particular this card references a specific prerequisite set (stored in the 
Prerequisite Dictionary) establishing the mandatory prerequisites which basic 
training graduates must meet in order to be eligible for the course. Additional 
course characteristics required for the simulation include the course length, 
class convening dates and minimum/maximum closs sizes. Furthermore, various 
data are included solely for reporting purposes, i.e., optimal class size and 
number of instructors required. 

The use of class sizes and class convening dotes may be tdustrated as 
follows. If the total number of basic training graduates av/o!tIng training in 
a specific course (referred to as the course PAT line) is less than the minimum 
class size, no class v/ill be started even though it was scheduled to start. 
If ihe total number in the course PAT line Is larger 1 .jn the minimum class size, 



one) If a closs wos scheduled >o sfarf, indWtduah wllj bo moved U'om fiSo ,^AT 
lino, on a first-ln/first-out bosis, and placed inio the closs untM cUhcr \hc 
PAT linu !s cmp!y or tlui maximum class size hai boon i cached • 

Tbo optnnal class sizo Is used to compute the optimol siudcnf/it^r^lruc'or 
ratio versus the obtierved studeni/instruclor ralio, 

Tho puiposo of tlio atlrition and setbacic rates Is to simulole ibe cor'o'noidiTKj 
events In iecbnica! training. The given rates, wbon combined wiib \Uc spjc'f'cd 
attrition control weight (cord type 14) and attrition control scores, estob!'s:S fSr> 
expected number of attritions and setbacks. An indivlduars probablfit/ of 
attrition or setback will differ from the course rotes to the exleni- ^Ua\ it 
is influenced by bis attrition control score and the attrllion control v/cigb! . 

Finally, the purpose of the Allocation Policy Control Card is to sp^^clfy 
for eacb simulation week a qupta and on assignment pric^rity for each course. 
Course quotas by week of simulation are independent of class sizes and 
class coiwening dales. The quotas and priorities specified for a particufc^r \^^:o'<, 
in conjunction with tlie mandatory course prerequisifes, defcrnune the c!!ocaf!on o 
the recruits graduating from basic training in that week, hi generaf, dopei-^oing 
upon tlie qualitative and quantitative make-up of tho basic training groduc-cs 
population, not all quotas will be filled and some graduates rnoy be left 
unasslgned. Couises v^ith a high priority (I.e., priority one) will tetid to vgccivc 
a 100% fill at tho expense of courses with a lower priority. Courses wilh tho 
same priority v/ill tend to receive on equal percentage fill. 

Model Output 

The model generates a variety of reports and data rccorc^s, all of v;h'c!i are 
optional except for three summary reports which arc output automatico-!y. Tnese 
summary reports provide v/eekly snapshots of the basic Iralning line, tl^c oMo^y '^OM 
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solution otuJ thif (Mitry love! loclinicul training line otVon ocigrcyatc bosis. In 
ocWItion, sovcrol opcMOtor outputs sucli os a control card listlnQ, o prcroquistto 
dictionary llstlnc), oncl system ciioyru-JStic messages ore producocL 

The selection and scdcdufing of optlonol reports and other output is spccifted 
on report selection confrol cards. The optional reports, whiclvmay be produced for 
any week of the slmulotlon period, provide detailed information on the allocation 
soluHon and the entry level technicol training line on o bycourse basis, 

OptlonaHy, records associated with rocruits vvho graduate, ottrit, remain unossigned, 
or are sot back in training during a particular week may be Independently solcclcd 
for reporfitig ()urposcs for any week of fhe sirnulafion run. Such records arc 
stored on tope in BCD format, 

A second output file v/hich is also optional is the Prerequisite Dictlonaiy (PD), 
This flic contains the prerequisite sots and idanttflors derived from card types 31-34 
in 0 binory format. The PD file is essential for efficient use of the simulator. 
Once genoi'ated, it should be used for Input purposes, thereby replocing the Entry Level 
Training Prerequisite Deck, Only to the extent that modificotlons to the file arc 
required, is it necessary to use the third card dock. 

Somple reports arc included as Exhibits 11 ond 12, The three summary reports are 
produced on one page of computer print-out; the two detailed reports, if requested 
for the some simulation week, are also produced on one page of computer print-out. 
Notice that the summory reports ore compiled from the detailed information required 
for the detailed, optional reports (whether they ore printed or not), 
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HI . DISCUSSION OF MAJOPv ASPECTS OP THE MOOa 

A. level oncl Flcxibllily of Simuloilon Dola:l 

An Imporfanf feature of TLS Is ihe io^o! flexibility tno user ho5 in spocifylno 
recruif dato and training ccurso prerequisites. This copobility cillows \ho user \o 
taitor the model to his portici'lar problem, eliminatSng \ho unused parcimotcrs and 
spcclficotlons v/hldi would alwoys be present under a fixed dale record sysfom. 
'The result inc] sovings in 'nput data preporofion offorfs ond model execufion cos^s 
are obvious • 

8. Asynchronous Processing 

TLS utilizes on asynchronous processing approach, Af any particular point 
m time, recruits with the some date of entry will be at different points In 
simulation time, Thus, even though tl^c bosic. simulation time Increment Is one 
wceic, the mode! Is not incremental . (An incremental projection model would 
Itorativoly pro|ccf every entity, i.e., rccruU or trainee, one time incrcmefit,) 
Thn rationale for this basic design concept is based on the objective of system 
efficiency: asynclironous projection minimizes the number of references to perlplicra! 
storage and thereby maximizes processing speed. 

This concept may be difficult to vjsuolize. The model user may wont to consider 
the Implications In the follov/ing way: on individual recruit data record is projccfcd 
OS far OS possible each time it Is accessed. There are only three borrier points In \he 
model: 

(1) Setback In basic Groining 

(2) The Allocator 

(3) Setback in entry level technical training. 

Barriers (1) and (3) occur when the model detcrmrnes that a particular recruit (s set bock 
in a particular week. He Is sent too holding line to owa't the start of the next c!oss. 
Further processing of thot record is delayed until the next Vt^eek or possibly later • 

erIc .,0. 



Borricc (2) occurs because iIk- Allr^'colo! r(K]uifos lIVol oil bcnu; tiulnlng graduates 
of the same week be coir.!.!. ^Iniulla.^ecusly . Thu*^, ufUjr tjiaciucitlon from basic 
training ond assignnuMit I'v^.; luoN'on (i.e., tho cvoluolio/v of hafnin^ couiio eligibilities 
by the Matrix Gonorokr); Inclividuc*! locoiclsaro collccScd until all recruits 
groduatincj fio;n boilc iiciI'^iinQ in the same week huve boon processed, Aftci tho 
dssfgr-^u'^M} solvfiof^/ piocosiing occurs on a course-by-ccui so b<.i$is • Individc^ol reciuits 
ore pfcvcckHi ofthcr to be ottjitcd (end dropped from further considerotion), to be s(?t 
baciv (c^r.* pul in a l^old!n<j lino)r ^''^o graduate from cnUy level technical troining, 

Op li^.Voi Avslqnrnent of BQt>ic Troining Gro duatcs 

in (J typico! os''*'inna'nt problem iliero is either a shortage of bosic training 
Qiadoato, a sr.ortoge of quolifiod graduates^ or both. Importantly, the unused 
trailing spacoi vAylch result from such shortfoMs in troinec quontity or qualify must 
either be shotod Inaquifabiy among schools of unequal imporfonco in occordonco wijh 
u:er specif! :J priorllics or shared fairly omong schools of equal importance * 
Forihcrn o;e, \\\c distribution of unused training spaces must be such that a moxfmum 
ijtnL:a:hn of ovallable trainees Is mode . Thus, the optimal ollocotion solution must 
exhibit the foilov/ing characteristics: {)) a maximum number of trainees must bo 
assigned, (2) optimal adherence to user specified quota priorities must bo acliloved/ 
and (3) the assignment solution for schools of equol priority must, as nearly as possible 
given eligibility constrolnts and integer considerations, provide bqua! percei^togo fiUs 
of these school quoios. 

In summary^ on Input to TLS, a priority is specified for each school quota, Tho 
quotas of schools with high priorities are filled to the maximum extent possible ot tho 
expense of school quotos osslgned lower priorities. Given a group of schools with 



IcIcnfJcol f/r!oilf?cs, the Allocator will ottompt to fair shoio ihc avaffab!e truim^os 
among the quotas. Tl)o Allocator Oj^tTmizcs l^o number of ossigivTien?!^ hy \r\car\'^ of 
a prlmal-cJual network flow a?gorilhm originciliy described by L. R. Foid und 
D , R, Fulkcrson . ' 

DV Stmulotion of SotbQcl; and Attrition 

Tbo Trotning Line Simulator matures rcciuit doio records iNiouglt boGic and 
leclintcal troining* There ore three possible oxils from training courses: grcduc?fron, 
attrition, ond setback. Upon graduation, basic trainees cnior the ollocctlon modules 
end toclM-^ical trainees leave the training line. Upon atiritlon, oil trainees loovc l!>o 
iroinfng lino, Upon setback, all trainees enter a queue v/alting for t!)e next cfass, 

AttrlHon and setback simulation in baste training is performed in a Monte Corfo 
fashion m accordance v/ith user specified attrition and setback rotes, 

AltriHon and setback simulation In entry level teclmtcal Iroinlng Is slightly 
more compfox, involving computotion of individual probabi fiilcs for eocli trohico. 
The equation forms for attrition ond setback simulation ore identical and involve 
both frolnee and course dependent variables, The resulting probabilities arc setback 
probabififlcs If v/eekly course setback rates are used, or aitrition probabilities if 
weekly course attrition rates ove used. These probabilities ore computed os fodowG: 



Flows in Networks. L. R. Ford, Jr, and D. R. Fulkerson, Princeton Ur>lvcislty Press, 
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Lot, 



i is a trainee Index, 

j Jo the course index of H)o cour:>e to which the troince is cissignod, 
k is iho v/oek of training Index; k =^ 1 , 2, • . k, ♦ ♦ . , L 
L »$ the lost week of irolning in course j, 
S, is the attrilion control score; S. > 0 

W Is the attrition control v/oight (positive, zero or negative)/ 

Ri • is the atlritlon rote applicable to an individual v/ith an S« ==0. It is 

olso the rate which wilt be applied to all individuals whenever the 

weight, W, »s zero, 

C, , is the minimum (or maximum If W Is negative) cumulotlve probability 
k, 1 

of attrition for course j t hrough week k, and Cq • ^ 0. 
P* Is the probability of attrition for man ?• 
Then the attrition or setback probability is defined by: 

P. ^ S- • w + c, 



1 1 



ond 



C. , is defined Iteratively b/: 
k, I 

Example: R, .Is .01 for all k; L = 10; 0< S< 100; W = - .001 . 

K,| 
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ATTRITION CHARACTERISTICS OF COURSE ^'j" 


Type of individual 


Probability of attrition 


Highest scoring individual: S- 100 


P. - (100) (-•001) H .0956^-00 


Average score: S - 50 


P. (50) (-.Opl) 4^ .0956 - .0456 ' 


Lowest txoring individual: S - 00 


p. = (00) (-.001)+ .0956= .0956 
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if C 0 (I.e., all R . ^ 0), the model will automol'cally ignore S, ond W ond 
6cf)\)c Pj eqinil 1o 7.oro, so that ofiriiion ond/or setback moy bo seleclK'cly ^leiood f 
any course , 

If \V>0, U is possible \o generate P. >1 ,0, In which case andHon or setback wil? 
afv/oys occur. 

If W is nccjofive, , should specify fhe moxlmum weekly ottrltlon rale, i.e., ^ho 

rote applied to iho individual wilh ilio lovvcst possible alfrUion conlrol score, (f W 

5s posiUvc, . should be spocincd as the rate to be opplied fo the lowest S wlieic 

o lov/ S. receis/es the lowest probability of aUrltion. If the ottritioi^ control score is 

conceptual 1 7.od os positively correlated wffh intelligence or optltudo, a negative W 

is required i Average attrllion may be estim ated by the following formulo: 

L 

P. • W 4 E R, . 

whore; P. = mean probabilliy of attrition for all individuals assigned to course 

S, - mean attrition control score of al) individuals ossioned to course 1. 
I ^ 

W weight (control card 14), 

. - attrition rate specified for week k of course }• 
If the attrition rate is the some for all weeks, the ^'estimation'' simplifies to: 

I I \ 

If attrition or setback occurs for a irainee, the week in which the event occurred 
is delormincd randomly according fo the C, Specifically, a uniform random 
number (R) is generated in the tntcivcl 0<R<C, , and the v/ock of attrition Is 
defined as the first k for v/hich R <C, • • 



IV. MODdL USE 



A. HarcKvorc oikI Soffvvorc Co mpgftbil Hy^ 

The design of the Trcnnlt^y Line Simulator has been accomplished using ihc 
most cjonocol capobllitles of current* comj^utcr hordvvaro end softv^a^'e In order . 
\o provide a maximum conversion ccpobility. In order to molnfoln maximum 
compal iblliiy over a v/kfe range of large scale computer syjitems, the procedures 
utilized in TLS were designed, whenever possible, for coding under a FORTRAN 
compiler coi'njbic of compiling USASI Standard FORTRAN Program Units, Furlhcrmoro, 
the design and coding are as machine independent as possible for a complex 
system of this size. For example, ollhough the CDC 6600 has a 60-bU word sr/.c, 
the mode! utilizes only 32-bii' words for most dota storage, Thus, conversion to 
another machine such as the IBM 360 (v/Ith up to four 8-bit bytes per word) would be 
possible. The minimum characteristics of olternative hardware are as follov/s: 

9 256K bytes of central processor memory (or o total of about 2 million bits) 

9 five magnetic tape drives 

o sevcrol million bytes of peripheral, random access memory, dependent 
upon the accession flov/, the number of prerequisite sets used and the 
length of simulation, 

B. Benchmarks 

The TLS run time depends primarily on the accession flov/, the number of 
different training courses (wlHi a quota) In each week, and the length of simufoiion. 
The time required by the Allocator is a major portion of the run lime. Some 
typical figures are presented below: 

\ 
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Nofn!)cir of 
couiros 


Number of 

cii rmoii ol locolccl 


Avcrocjo 5o!ui!on !!me 
; for ollcjcoficn 


125 


4000 


45 seconds 


125 


2000 


25 secot^ds 


12 


250 


0,13 seconds 


On CI CDC 6600 computer • 





A reliable upper bound on Ibo total model run time is 100 seconds per smiula'" : i 
week, assuming a maximum number of courses and airmen. 
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V. OPERATING I NSTRU CT iO NS ' 



Run Subm tssion 

The Airman TrcnDing Line Simulator (TLS) is currenji)/ operating on a Conlrol L\jtvi 
Corporation 6600 computer located !n ihc CDC Dota Sorv'icer., Rockvllle Cybernet 
Contor, Rockvllle^ Maryland, The program operates under the SCOPE operating system 
for jne CDC 6600 computer » The SCOPE syslcm Is o complex operating system which 
requires specially trained operafor5,and for this reason users are not allowed dtrcct 
access to the computer. The functions of tope staging and accounting normally 
accomplished by the operator on smaller machines ore accomplislTed Insteod 
through special SCOPE control cards. The sequence, content and format of the SCOPE 
control cords required to load and run the Training Line Simulator model ore described 
below In detail in the order In v/hich they must appear In the SCOPE control deck^ 

The SCOPE control deck precedes all TLS Input decks, All SCOPE control cords 
begin in card column 1 and are punct^cd free field with the various parameters on the 
cords seporoted by commas, por'iods or porentheses. Exl^iblt 5 illustrotcs a complete 
TLS decic structure Including the contents of the SCOPE contro! deck. 

1. SEQUENCE CARD 

The sequence cord Is used to Identify the job during processing. If a 
job is submitted to the computer center with an old soquerice cord, it may be 
replaced by the center operator for bookkeeping purposes. 

Example: $SEQUENCE, nnn. 

Where: nnn is an arbitrary three dl^Mt alphanumeric identifier. 

2. CHARGE CARD 

The charge cord Is used to establish and verify accounting information. The 
account number Is check-summed and verified to insure that It Is correct and any 
O error In the fonuat of the charge card or in the occount number itself will cause at 
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liniiKHliulo lodiMiKit'ion of ?iio job. 
Example: SCHARGE, 

Wliorc: nimnniin h ^'u* accounf number fo which cl)arcjos accuDvjIaJcd for ^Ulu 
job will bo billed* 

3. ;[HE JOK CARD 

Tl^o job card Is used fo esfoblish the basic hardware paramc?^crs \o bo ur^od for 
the job. The four poromoiers contained on the card ostoblhiu 

a. The number of memory words required by the TLS. 

b. The number of tape drives io be used by the TLS. 

c. The maximum compufcr time to be used by the TLS. 

d. The priority of ihe job. 

The specific priority used determines the speed !n v/h:ch the job is turnoS 
around ond the price per second chorged for computer tlrrie, 
Exomple: AFT(CM150000 JPxxJyyy, px) 

Whore; xx equals the number of topes to be used by the job. This number is 

equol lo tl^o number of request cards submitted for the job (see 4 below), 

yyy is the maximum cllowoble running lime for the job In octal seconds. 
A rt^osonablc lime limit moy bo established for the i>imulotion run by 
mulflplying the number oF isimulalion weeksg to be run times lOOg. 

z Is 0 priority code; the following codes ore ovoiloble to TLS: 
z ^ 6 - Express (2 hour) 
4 - Standard (4 hour) 
2 - Deferred {24 hour) 
0 - Economy (weekend). 
Thf* given turnaround times are average volues — octual iurnoround time 
depends on the CDC 6600 system lood. 
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Roqucst cards arc used to o$sign program logicol tape units fo pSyt>irnl icjpr> 
units. Each rccjucst cord defines c topo drive \o bo used, Tlierc aro a riAaximum of 
fivo tape drives tliot may be required by the Training Lino Sinuilafor, A mininvjni of 
Kvo fapc drives IS roquirod, wilh the remaining three drive:, h'ing cpticnrjlly ar>r.ic:»Kd, 
depending upon the specific inputs and outputs required by \ho Tr. lining Line Cln'. roloi 
run. Each request card and its associated function is listed bclov.': 

a. RE QUE$T;AFT,HI. (xxx) 

Where; xxx is ihe visual reel number of the Training Line. Simulator load 
and go tape • 

This request card is always required. 

b. REQUEST JAPEO, HI. (xxx) 

Where: xxx is the visual reel number of the tape containing the recruit data 
records^ 

This request card is alwoys required. 

c. REQUEST, TAPE5;HL (xxx) 

Where: xxx is the visual root number of an old entry level troining prerequisite 
dictionary, 

This request card should be used only if an old dictionary tape is to he input 
by the Training Line Simulator modeL 
^' REQUEST JAPE6, HL (SAVE) 

This request card directs the operator to save a nev/ entry level preicquisiie 
dictionary tape that is fo be produced by the Training Line Simulotor model, 
This request card should be used only when the user is creating a nosv dictionary 
tope from scratch or is modifying an old dictionary tape. 
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' REQUEST, TAPIS, HI . (SAVE) 

Tfn^ reque'>t card directs the operator to sove the Training Line 
Simulator extrdct tape. This request card should be used only when 
the user has requested the Training L i ne S ! mu 1 a tor lo produce 
extraction records of setbacks, attritions, graduates or' unc^ss i gnt^'d 
rec ru i t s . 

OT:iER SC OPE CA RDS 

Romo;f)ing SCOPE control cards are iltustrated in Exhibit 5 exaci^v 

as they should be prepared., These cards direct SCOPE to loau ancf executv- 

the Training Line SiniuJator and to cooy any Training Line Simulator 

reports produced onto the SCOPE output unit (printer) » 

DECK SET-UP 

The four Training Line Simulator model control decks are input 
follovMng tt^e SCOPE control deck as Illustrated in Exhibit 5. These 
decks should be prepared In accordance with the instruuLiuns given In 
AFHRL-TR-72-63. Decks 1, 2 and k are required input. Deck 3 (Entry 
Level Training Prerequisites Deck) is optional if an old Prerequisite 
Dictionary is input to the model (see Request card^ item ^.c. above). 
T £R?AINATION OF INPUT 

The entire deck shou)d be terminated vn th a card containing 6, 7, 8, 
9 punches in card column 1. If this card is not present, it will be 
added to the deck by the operator. 
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1 • Car«.!Lisls and DIcscinostics 

All control card inputs, cxcep! prercqulsilo cloflnlllon coiUrol cards, ore listed 
on ihc output fito. Diagnostics of any control cord orrors arc listed ifnmedlately 
following ihc control card in error. Erroneous preroquislle dcflnifiori cards ond 
dioynostic messages arc listed, l)ut acceptable prerequisite definition control cords 
arc not listed, Insteod, o complete listing of the dictionary file Is produced vvhcnuvct 
a new dictionary Is cicncratod, Exhibits of the confrol cord Hslings are provided 
In fzxh.ibit 9. All diagnostic messages are listed in Exhibit 6, 

2, Prerequisite Dictionary Listing 

Tho prerequisite dictionary listing lieinizcs the prerequisite tests and variables for 
each prerequisite identifier on the prerequisite dictionary tope, For each prorcquisiie 
Identifier a header line is produced containing tlie set identifier name and the total 
length (in compuler words) of the logic string associated witi) that identifier. Each 
function test (e.g., continuous AND, categorical OR, etc.) in the* logic string for the 
prerequisite set is listed offset under ihe header line. For each function test the 
total number of variables involved In the test Is ! istcd, fol lov/ed by a dctoilcd breakdov/n 
of the vorloble numb' rs and test values used by the functions, An exhibit of tho 
prerequisite dictionary listing Is provided by Exhibit 10. 
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Exhibit i: Modes of Operation 



Modo of 
Cperotion 


Parometcrs 
of Ititorest 


Primory Evoluotion Criteria* 


GAMING 


■ 

e Recruit Charocteristics 

o Mandator/ Course 
Prercquisifes 

0 Attrttion/Sefback Rates 


0 Percent fill of trainlnq ouolas ' 

' j 

0 Extent of lost time due to j 
setbacks \ 

c AttriMcn during tramino 

i 


CAPACITY 
PL/\NN!NG 

! 


0 Closs Schedules 

c Number of Instructors 

0 Attrition/Setback Rates 


e Number in Basic Trainincj ! 
0 Nurnber in Tecfmlca! Trainltig | 
e Size of PAT line } 
e Student/lnstruc^or Rcflos ? 


PROGRAMMING 


0 Quantif//Quallty 
of Recruits 
(procurement plan) 

o Attrltlon/Setbock Rates 

o Course Prerequisites 


Weekly Schedules of: | 

• Number of ELT Graduates j 
by course j 

• Number of BT Graduate^^ j 
unass'gpod j 

• Number of ELT Attrllion? ! 

1 , ! 



8T " Basic Training 
ELI ~ Entry Level Technical Training 
PAT ~ Personnel Awaiting Training 
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Exhib!^ 2: MACRO Flow Ctiarf 




Course Characteristics Deck 

Entry-level Training ^ 
Prere {uis? ite Dock 

Basic Training 
Deck 

Run Para- ^ 
meter Deck 



Pi-eroquisite Oictiouv\ry Tile 
(Optional) 




Recruit Data Record Pile 



Sufiinary Reports 



Dctai led Reports 




Kxtract File 
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CARD [NPUy PROCIiSSOR 
(OccRs 15 2) 



PRliRnQUISITt DICTIONARY 
GtNbRiVrOR/PROCliSSOR 



CARD INPUT PROCHSSOR 
(Deck 4) 



PRLRKQUrSITE STRING 
GHNL^RATOR 



BASIC TRAINING 
MATURATION 



MATRIX GENliRATOR 



ALLOCATOR 



RLTORT GEN{.R>\TOR 




CLOCK UPDATE 



CLASS PILE update: \ 
(IF USI R SPLC IFILD CI[ANGH)| 



EOTRY-LnVliL TR.MNING 
NUTURAYION 



EXTRACTOR 
(IJ- USIiR SPLCIFlFD) 



Exhibit 3' lnkMi>al Date Files 



System MoJulc 












Internal r 


Je 










CI A ICI-I 




Ps 




H IS 


IMG 




WW 


11: ITS 






oTir 


Card Input Processor (Ock L 2) 


...^ — 





— ^ 




















0 


P r 0 r cc\u i s i 1 0 U i c 1 1 oua r y 
Gcnerator/l'rucossor 






I/O 























Curd luput Processor (.Dtvk A] 


0 


0 











— 


^ 












Prerequisite Siring Gener.itor 




I 


1 


0 




















Basic rraining Maturation 













l/U 




U 






0 






Matrix Gonorator 








I 


0 


















Al locator 




I 







— 


— 


— 


I 


0 




0 


0 


■ ■ — 


Report Generator 
























1 


r 


Clock Update 















fort 


lie j> 










^ , 


Class I- i le Update 

(If User Specified Clianv^e) 


0 


0 




— 


— 













^ 








Intry* level Tniining Maturation 


I 


J 














I 


I/O 


0 


t) 




Extractor (If User Specified) 






















I 







irGLNl): 

CIA 

CVl 

VU 

PS 

mr 

BTS 

BIG 

BTGP 

PAT 

blTS 

t:xT 

RPT 



Class File (ActiVv Part) 
Class File (Inactive Part] 
Prerequisite Dictionary 
Prerequisite Strtn^^^s Table 
Assignment 1:1 i^^ ibi i ity Matrix 
Basic Trainin^^, Setbacks J'ile 
Basic Training Graduates Hold Pile 
Basic Training Graduate:^ Poi nter Records 
Personnel Awaiting Traininiv Pi lo 
Eintry-Level Training Setbacks File 
Bx tract Data File 
Report Oat:! File 

Other Data Files (iniscellaneous parameters) 



0 * Output frofu syslom 

nodule referenced. 

1 - Input to system iiiouule 

referenced. 



-32^ 



ERIC 



Exhibit 4: INPUT-OUTPUT RELATIONSHIPS 
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EXHIBIT 5; INPUT DECK SET-UP 



MODEL CONTROL 
DECK ^4 



MODEL CONTROL 
DECK *3 



MODEL CONTROL 
DECK ^2 




MODEL CONTROL 
DECK ^1 



6 /60PYCFaAPE3, OUTPUT) 



R EWIND . TAPE3. 



EXIT. 



ycOPYCF (TAPE3 , OUT PUf!) 
/ REWIND JAPE3. 




REQUEST CARDS 



/J OB card" 



/C HARGE: CARD 



/SEQUENCE CARD 



1. NUMlUiU Ol' lUSlC Tl^MNlNC. CIRADS LXClillDS USliR Sin;CIPlE) MAXIMUM 01^ WW JOU AHORT 

2. mCnsSING 1'AS1M:0P ONM)ATA TAriM!A.lK'.AL--JOU ARORT^^^ 

3. l.UNGTll 01- TRAINING NOT IN lUNGH 1 TO 20. 

J^asJc l)'aini)ig lenulh is illegal. Job is aboi'tcJ. 

4. JNRlICOGNr^m) CARD TYPi;. 

An illc^'.al card type code has been input. 

5. lil'l'l-CTIVl! VM'V. NOT IN RANGIi 0 TO 254. 

6. llFl'tCTTVH HATH NOT IN S1;QUI:\'CI;. 

Cards must be sorted by effective date with the eai' Host card first. 

7. liRROU'-UNRliCOGNIZLD COURSH CI1/\R/\CT0U1STICS CARD. 

Caixl type is not 40 through 44. 

8. NUMBIiR OF rROJJiCTION IVHCKS IS ILLl-GAL. 

Projection weeks arc not in range 1- x - 254. 

9. MUi;riPLE RUN ll)HNTiy:iCAT10N CARDS. 

10. DNRECOGN I ZLD RUN CONTROL CARD. 

There is an illegal, card type card in deck 1. 

11. flULTIPLI- RUCORD DESCRIPTION CAl^DS. 

12. VrrRITlON K'EIGi IT OUT OF RANGIi. 

13. MULTIPLH ATTRITION WEIGHT CARDS. 

14. NO ATTRITIO:; WEIGHT CARD, 

15. ;;0 RUN IDENTIFICATION CARD, 

16. !:UROR--DLANK COURSE ID, V 

Card 41 must contain an alphanumeric course identifier ■ 

17. )iRROR"KO INITIAL CARD 1, 

18. :RROR. -FOLLOWING QUOTA CARD IS OUT OP SEQUENCE, 

19. RROR- EFFECTIVE DATE OUT OF SEQUENCE. 

20. RROR--BAD EFFECTIVE DATE. 

Effective date must be 0-x^254. 



21. i;KR()K--l'RIiUi;Q. ID NOT !1I:1-1M;D. 

C;n\l 41 must cuiilaiii alpliiiuumcri c prerequisite idciuific 

22. liUUOU--lN COUUSi; lA'KGTII, 

Course Iciijitli must be 1^.\-120 weeks. 

23. iiRKOR-"lN CLASS STARI'ING UATli. 

Class starting date must be (effective date) i=^x ^254 . 

24. HRROR-- IN CLASS INTl'RVAL. 

Clasf. iiucrval must be l^^x-254. 

25. HRROi^-lN MIN CLASS SIZU. 

Mitiimum class size must be 0^ x^~999 . 

26. liRUOR-- IK 01'T1M\L CLASS SlZJi. 

Optimal class size must be 

27. URROR--IN M\X CLASS SIZl:. 

Maximum class size must be 1— X"999. 

28. nRROR--lN KUMBLR OI' INSTRUCTORS. • 

Number of instructors must be l-'^x— 999. 

29. nRR0R--INC0Ml>L13TC DATA ON 1-IRST CARD 1. 

30. ERROR—BAD VXTll. 

31. URROR—BAD FIRST AP1>. WBl-K. 

First application week on 42 and 43 cards nust be l-x~120 

32. r.RROR—NO QUOTA CARDS I-OR COURSF.. 

33. ERROR-MULTIPLE INPUT FOR COURSE DATA. 

34. ERROR- -DUP COURSE ID. 

35. ERRORS-MORE THAN 250 COURSES. 

36. ERROR— IN STARTING DATE. 

Card 42 starting date is illegal. 

37. ERROR— IN INTERVAL. 

Cai'd 42 interval is illegal. 
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38. i;UROR--lN QUOTA OR PRIORITY. 

39. FATAL liUROK- - SI; 1' ID HAS LOGIC CONTlNUli. 

40. FATAL LRROR-.MOUl: Tll.-VN 1 liDlT OPLRATION ON SliT ID 1 . 
A\. FATAL i;RR()r;--.iH)lM,u;ATi: SI-.T ID. 

42. NO DICTIONARY DATA SUI'PLILD HY TilL USHR. 

43. CFILH LNTRY TOO LARGI; TOR BUFI^IiR. 

Tills causes nil internal tabic overflow. 

44. MISSING OR IILUGAL DUCR CARO—SKIPriNG TO Nl-XT Dl-CK. 

45. DliCK !jU1M'1;D Oii OUl' OF" SLQUI;NCI---WILL try TO PROCKSS. 

46. DLCK XX IS MISSING. 

47. SliT XXXXX BOOLHAN XXX Vy\RIABLIl XX GRFATCR T1L\N NUMBHR OF VARIABLES. 

48. SET XXXXX CATiiGORICAL VARIAtiLG XX GRFATI^R THAN NUMB HR OF VARIABLES. 

49. SFT XXXXX CONTINUOUS XXX VAllIABLF XX GREATFR THAN NUMBER 5f VAIUAHLHS. 

50. BAD RATL SPFG. BHGINNING IN CC. " 

Card 32 or 33 rate is in error. 

51. [!AD W(:hK SPFC. BP.GINNING IN CC. 

Card 32 or 33 starting week is error. 



ExKiblf 7i So;np!e Recruit Oo\o Record 
and Corrosponditig Dcflf^iHon Card 

A hypotKeiica! data record contains; ' 

a, A 9-'dIgif IdcnlIf!c<itioa number 
b« A S^digit date of entry 
' Jen ] -digit continuous variables > ' 

d. Ten 2-d!gi t continuous varioblcs 
o* Rvc 3-dig!t continuous vorioblos 
f, , Five 1-choractor cotogorlco! vcrioblos 
g» Five 5--chcraciar cotCQorical vorJobios 
. h» Eighty binary variables, 

\, Three blank spaces 

There ore a Jofa[ of t^von}y-f5vo continuous vortablos, fifteen. catcc)orlco! vorlablos, and 

cirjhly binary vcrloblcs/so the PORD Control Cord Is: 

C ord colum ns pata . * Comments 

V-2 12 Cord Jdontifler 

3 Blank ' 

4*"6 }67 Number of characters in the doto record 

7 Blonk 

3-9 09 Number of characters in the record 

tdenilficollon 

10 Bior^k ' ^ 

25 Number of continuous varloblos 

13 Blonk 

14-15 15 Number of cotegorical vorlcblcs 

]6 Blodk 

17-18 80 Number of binary vorloblos 

19 Blonk 

20-23 1011 . ^ 1 -digit conHnuousvorloblcs 

24 f . Separator 

25-28 1012 2-dl9it continuous varlobles 

29 / . Separator 

30*^32 513 . 3-dicjit continuous variables 

33 0 ' Soporofor 

34-36 5A1 . 1 '-character categorical vorioblcs 
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37 , ' Separator 

38-39 3X . Blonk charactors 

40 / " Separator 

41-43 5A5 5-choracter catcgorico! vorioblos 

44 , • ■ Separator 

45-48 " 8011 Dinar/ variables 

49-50 Blank . 





C0(\(3 


, ncr> 


llollorilh Punch 
Po.'fition.s 


A 


01 


Gl . 


12-1 




02 . 


02 ■ 


12-2 


c ■ 


03 ' 


63 ' •. 


12-3 


D 


04 ' 


C4 


■ 12-4 


E 


05 


05 


12-5 


V 


00 


CO ' 


12-0 




07 


07 ' 


12-7 


u 


■ 10 


■ .70 . 


12-8 


. I • ■ 


11 ■ 


. 71 


■ 12-9 


J .. 


12 . 


41 


11-1 


K ■: 


13 


. 42 


11-2 


. h . ■ 


H 


43 t 


11-3 


■ M 


• ' ■ 15 


44 . 


11-4 


N .. 


IG ■ / 


45 

* . ■ ■ t ■ • . 


11-5 


0 • 


17 '• • 




11-6 


P ; 


20 1 


47 , 


11-7 


Q .. 


21 ' 


60 : 


. 11-8 




22 ; 


■ 61 ' 


. 11-9 


S 


23 


22 . 


0-2 


T ■ ■. 


. 24 . . . 


23 - 


, 0-3 


U '. 


25 . 


24 ' 


0-4 


V . 


• 26 ■ ■ 


■ • . ' 25 ; 


• 0-5 


w • 


■ 27 ■ 


2G 


0-6 


X «• 


30 )V 


27 , ■ 


■ 0-7 


Y • . • 


•■ ■ ■ : 


30 • 


0-8 


z • 


32 ■: • 


■ 31 , 


0-9 


0 • 


33 ; 


V 12 •• 


0 


• I ■■■■ 


34 •:. . 


01 


■ ■ I ■ 



(conilnuod) CIJC 6G00 IIOLU'IUTII CODflS 



Du;play Exlornal ifoUcrith Punolj 

Chnrnolrir ..Corlo _ 11 CI) ]>unnh 



2 




02 


2 


8 


sc 


03 


■ 3 


4 


37 


04 


4 


G 




00 


C 


G > 


<ii .' ,;. 


00 


6 


1 ' 


42 


07 


7 


8 


-13 • 


10 


8 


0 




11 


0 


+ •' 


45 


CO ^ 


12 


- ■ . 


40 ■ . 


40 


11 


• 


47 1 


54 


11-8-4 




00 ' 


21 . 


0-1 


< 




34 


0-8-4 


) 


62 ■ 


74 , 


12-8-4 


$ 


&3 .. 


S3 . 


11-8-3 




64 . 


13 


8-3 


blank 


65 • 


20 • 


space 


> 


56 •; 


33 :. 


0-8-3 




57 " 


73 , 


12-8-3 




CO : ■ 


36.? 


,0-8-G 


I •> • 


CI i. 


17 ' 


8-7 




62 • • 


■ 3?, I.' 


0-8-2 




C3 ■ V 


00 >'. 


8-2 




64 . 


14 ; 


8-4 




65 • 


35 1 

4 


0-8-5 


" V '. 


66 >'.K 


■ 52 


11-0 


A v: 


C7 


37 V 


0-8-7 




70 T-. 


;. \ 55 .■• 


11-8-5 




71 r , 


• 66 ••' 


. , 11-8-6 


< ■ ■■■■■' ■ 


72 . 


72 . ' 


12-0 


> • • 


73 


57 ^ 


11-8-7 




. 74 


15 


8-5 




75 ■ 


76 


12-8-6 




70 


70 


12-8-6 



10 008 

11 ■ - 

1? 080 05 1)1 03 03 12,.Ul,3li 
i:^ 1 00 * 

XA 0 



RUN PARAHfiTER CARDS 

TEST CARD 3'; 



20 " 08' 



.Basic, .TRA inino parameters 



C OUR S E..,D A TAG A ft D . 



(5T, 



'41 "COURSE 
42 0OiOii,0 

41 "COURSE 

42 0010110 

41 COURSE 

42 0010110 
41 COURSF 

4 2 0 0 10 110 

41 COURSt ' 

42 OOIOUO 



PS E fl 

PSEf2 
> SETS' 
"PSET4 

PSET5" 



10 9 

"10 9 

10 9 

'10 9 

10 9' 



20 
20 
20 
20 
20 



20 1 
20 1 
20 i 
20 1 
20 1 




TEST CARD xl4 
PRtHtfJUISl TP' DlCTlDNMJY LIST 



SET PSE^Ti CONTAINS ^.WOROS__ 

. ... ... CAT , on MAS _ 2.yAfliAnufis 

, _ V 2 " C. „_ 

SET PSKT2_ CONTAINS 1-3 .WpRp.S... 

_ CONT , AND HAS 1 y^RlAHLPS . 

• _ 1 «_30 ____ 

. l^yA*?! A8LES 

_ i... _. 

CAT, OR HAS 2 .VARIABLES 

_ 3 - A ...'^. '.A 

i^ET PSCT3 CONTAINS _ 9 WORDS 
_ COmT, and has i VAKUBUFS 

^: _ 1 20 

CAT, VARlAULE Npj___ i HAS 2. TEST VALUES 

. P_ _ _ P?E. ... 

:S6T PS6T4 ... CONTAINS VS WOROS 

CONT, AND HAS _ 1 VARIABLES _ 

. .. . ..A..." . J^ ... 

0 1 N I AND ..IAS 

. , 1. 

CAT , OR HA S 2 y A R 1 A BU ES _ _ 

_ _ __2_'^ A _____3 D___ ^ _^ 

.^^ ^..f*.^ ^ ^ . ^ON T A j NS .7_ WOR DS . 

■ ■ .*^^NT , AN|> HA_S_^ i V AR I ARL.ES 

_i 2i . . .„:..„...._... .......... 

■''i _ BlMj^ANDHAS _J_VARrA0LES _____ 
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